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Abstract Of JP 2000323454 (A) 

PROBLEM TO BE SOLVED: To enable etching with 
a high aspect ratio and a high selectivity by 
stimulating a mixed gas composed of an etching gas 
and a passivation gas w/ilh a lowz-power 
electromagnetic radiation, applying a high bias 
voltage, stimulating the mixed gas with a high-power 
electromagnetic radiation, and applying a low bias 
voltage to a substrate. SOLUTION: A mixed gas 
composed of an etching gas and a passivation gas 
is fed in a chamber 10, a comparatively low r-f 
power is applied from a power source 30 to fomi a 
plasma, and a bias voltage is given from an 
oscillator 18 on a substrate to form a comparatively 
high electric field. After 10 to 100 sec for example, 
the power source 30 is switched to a comparatively 
high power to provide a high energy stimulated state 
of a plasma, the bias potential generated by the 
oscillator 18 on the substrate lowers to a 
comparatively low level, a protective polymer layer 
46 of a specified thicl<ness is formed on the walls of 
trenches after 0.5 to 3 sec for example, and the 
polymer layer in the trench bottoms is stripped by 
the impact of anisotropic ions accelerated by the 
high bias potential during etching. 
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1. Ti 1 1 e of Invent ion 

METHOn OF ANISOTROPIC ETCHTNO OP S UBSTRATES 

2. Claims 

1 . An anisotropic etching process for etching a silicon substrate 

compriGing the steps of: 

introducing a mixed gas containing etchant and passivating gases into a 
clwmbcr witli the silicon substrate to be etched; 

etching said substrate in the prcscncc of said mixed gas by conirolling 
excitation power and substrate bias during a first period of time to remove material 
from the surface of said substrate and thej cby provide an exposed surface; 

passivating said substrate in the presence o f said mixed gas by controlling 
excitation power and substrate bias during a second period of time to cover said 
exposed surface with a polymer layer, wherein said mixed gas is the same during said 
etcliing and passivating steps; and 

repeating said etching step. 

2. The etching process of claim 1, further comprising the step of 
repeating said passivating step 

3. The etching process of claim 1, wherein said etching step includes (he 
steps of applying RF power to an inductive coupler disposed in said chamber in the 
range of 100 to .800 W and applying a voltage to said substrate to' produce a.substratc 
bias in the range of SO to 300eV. 

4. The etching proccss.of claim 3, wherein said passivating step includes 
the steps of applying RF power to an inductive coupler^disposed m said ohambec in 
tlic range of 1000 to 3000 W and applying a voliagc to said substrate to produce a 
substrate bias in the range of 0 to 2SeV. 
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5 . The etching process of claim 3, wherein said etching step is carried out 
for a period ranging from 10 to 100 seconds. 

6. The etching process of claim 4, wherein said etching step is carried out 
for a period ranging from 1 0 to 1 00 seconds. 

7. The etching process of claim 4, wherein said passivating step is carried 
out for a period ranging from 0.5 to 3 seconds. 

8. The etching process of claim 5, wherein said passivating step is carried 
out for a period ranging from 0.5 lo 3 seconds. 

9. The etching process of claim 1 , wherein said introducing step includes 
the step of introducing SFo, C^Fj, and CHFj into the chamber. 

10. The etching process of claim 1, wherein a gas pressure in said chamber 
is in the range of 0.1 to 10 Pa. 

11. The etching process of claim 1, further comprising the step of varying 
the pressure in said chamber. 

12. The etching process of claim 1, whordn during said introducing step 
said mixed gas is introduced at a constant rate during said etching steps and said 
passivating step. 

13. The etching process of claim I, wherein said excitation power during 
the etching steps is lower than the excitation power during said passivating step. 

14. The etching process of claim 1 , wherein said substrate bias during said 
etching steps is lower that said substrate bias during said passivating step. 
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3. Detailed Description of Invention 
BACKGROUND OF THE INVENTION 

Field of tlic Inveniion 

The invention relates to a method of anisotropic plasma etching of substrates 

preferably defined with an etching mask in which the etch rale and selectivity is 
increased. Tlie method can be well implemented for manufacturing micro- 
electromechanical system (MEMS), as well as microelectronic devices. 

Background of the. Related Art 

Anisotropic plasma etching, particularly forsingle crystal silicon,. can work 

independent of crystal orientation of the substrate or doping level. This method also 

applies to doped or undoped polysilicon... Pi efcrrcd .fields, of applications ace MEMS 

technology, where structures have a high aspect ratio, i.e., a high stnictural height to 

width ratio. Other.examples include surface wave technology, whcrcnarrow grooves 

and vertical walls are etched to produce actuators, surface-wave filters, delay lines, 

etc. Additional mioroelectronicB applications include storage cells, insulation, 

collector contacts, etc. 

The Reactive Ion Etching (RIB) processes.which.are commonly used for 

anisotropic silicon etch employ relatively high energy ions (> lOOeV) and reactive 

halogens,, such as fluorine, chlorine or bromine, which are used directly in the plasma 

or arc relcascd from corresponding compounds, like CFa, CFsBr, CzFo, CCI4, CHCI3. 

The resulting ion bombardment of the etching ground, i.e., the area to be etched, 

. initiates the reaction of tlic radicals with the silicon to be depleted. The etching of the 

. sidcwalls is minimal due to the directionality of the ions. 
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Problems occur when, to increase the speed of silicon removal .(i.e., the etch 
rate), one tries to enhance the plasma density by increasing the power coupled to the 
plasma discharge. This can be accomplished by either increasing, the power of the 
source for (he plasma discharge or by increasing the value of the polarization voltage 
applied to the substrate. However, as the power is increased more hot ions are 
produced and the direction of ion movement becomes more random. The results is 
thai more ions and radicals are depleted by the walls of the trenches, with the 
inevitable loss of anisotropy of the etch. To overcome this problem, one must reduce 
the.etch rate, resulting in thftjoss of the throughput. 

An additional problem encountered is mask degradation. . As.etch rale is 
reduced, etch lime, and therefore mask exposure time, are increased, leading to more 
rapid mask degradation, i.e., reduced selectivity. 

U.S. Patent No. 5,501,893 discloses an etching method thai includes 
alternating etching and polymerizing steps where the purpose of the polymerizing step 
is to provide a polymer layer on the surfaces that were exposed in the previous 
etching step to forma temporary .etch stop, fhus the side walls are protected from 
eteihing during the etching, steps. However, tte gas mixtures introduced during the 
etching and polymerizing steps are different such that different gas mixtures.are 
cycled during the respective etching and polymerizing steps. In the etching step the 
gas mixture includes SFi and Ar and in- the polymerizing stqp the gas mixture includes 
CHF3 and Ar. 

The problem with cycling different gases is that the time ratio of the etch 
deposition cycle depends on die speed of the gas mixtures and varies from point to 
point, affecting the uniformity. Also, the tune for species to arrive at the bottom of 
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the etched trench varies drastically for trenches having different sized openings. Also, 
this method typically requires more complex hardware and controls to introduce the 
two different gas mixtures in cycles. 

It is desirable to make the plasma as cold as possible with coexisting polymer- 
producing unsaturated monomers and fluorine, bromine or iodine radicals. The 
energy level sufficient for ionization is different for each gas. In.certain cases, the 
activation energy for polymer-producing gases (C4Fb,CHF3) is two times higher than 

for radical producing gases (SFe). The object of the invention is to establish a method 
. for enhancing the treatment of the silicon surface bding etched, by using the 

differences in the energies of activation of the reactive.gases to arrive at optimal 

conditions for both etching and passivation, and altemaling those conditions at a high 

rate to produce a higji aspect ratio, and high selectivity etch process. 

SUMMARY OF THE INVENTION 
The object of the present invention is accomplished by providing a method of 
anisotropic plasma etching of eubstrates (typically silicon) comprising the following 

stqjs: 

a) placing the substrate with the surface to be selectively etched on an 
electrode connected to an electro-magnet power source; 

b) introducing mixed gases consisting of an etching gas (SF«) and a 
passivation gas (CHFj, C-iFg, etc.) into the processing chamber; 

c) exciting the mixed gases with lower power (100-800W) 
electromagnetic radiation sufficient to produce a plasma containing ions and radicals 
for etching; 
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d) concurrent with step (c), applying high polarizing voltage (50-S,00eV) 
(o the substrate via its electromagnet power source to produce a highly anisotropic 

etch; 

e) exciting the mixed gases with high power (1 000-3000W) 
electromagnetic radiation to produce in.the plasma unsaturated monomers for 
protective polymer coating formation; 

0 concurrent with step (e), applying low polarizing voltage (0-25 eV) to 
the substrate to fomi a confoimal polymer coating on the exposed side walls ofthe 
surfaces being etched; and 

alternating steps c) and d) with steps e) and f) to acliievc an anisotropic etch 
with a high etch rate and selectivity than is cuirenlly being achieved using other 
methodologies. 

The method used in this invention enables the substrate to be etched without 
using helium gas as a cooling medium. This is because lower power is used to excite 
the etching gas resulting in less heat being generated during the process. 

A further advantage of this invention is that a constant flow of mixed gas is 
injected into the process chamber during processing, resulting in a process that is 
more stable and repeatable. 

The invention is described in detail below in conjunction with the attached 
drawings. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
The following is a delaileU description of Ihc invention with reference to Figs. 

1 and ?.(a) to 2(c). Referring to Fig. 1, the device includes an etching chamber 10. 

Provided within the chamber 10 is a substrate holder 12 for holding substrate 14 as 

well as an inductive coupler 16 provided near the top of the chamber 10. The 

substiate holder 12 is an electrode which is electrically coimeoled to generator 1 8, 

including a power supply 19 and a matching network 21, for polarizing the substrate 

14. Located at the top of the chamber is an inlet line 20 for introducing process gases 

into the chamber. The process gases are stored in gas tanks 22. 24 and 26. The flow 

rate of the process gases into the chamber 10 is controlled by a control valves 28. The 

plasma.stimulation is provided by Inductive coupler 16 powered by an RP power 

source 30 and an associated matching network 32. Pressure within the chamber 10 is 

controlled by mechanical pump 34, tuibo-raolecular pump 3.6 and throttle valve 38, in 

the conventional manner. It is of course understood that the invenHon is not limited to 

this particular device. 

The following is a description.of the process of etching the substrate with 

reference to Figs. 7.(a) to 2(c). The substrate 14, including a silicon substrate 40 and 

an etching mask 40 thai exposes the. regions of the.silicon substrate 40 that are 

intended to be anisotropically etched, is placed on the substrate holder/electrode 12 

and subjected to the first etching step. In this step, a mixture of gases containing 

etchant and passivating gases (e.g., SFe, CaFb, and CHF3) with a certain flow rate, 

preferably in the range of 100 to 400 seem and pressure in the range of 0,1 to lOPa, is 
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introduced into the ciiamber 10. The plasma is stimulated by applying a relatively 
low RF power, preferably in the range of 1 00 to 800W, fixim the power source 30. At 
the same time, a polarization potential is provided by the substrate generator 18 io 
produce an electrical field of a relatively high value in the range of 50 to SOOeV, and 
preferably g0-3G0cV. The low RF power applied for plasma stimulation provides the 
directional etch with an extremely high rate. Specifically, the plasma is "cold" due to 
tlie lov/ energy applied so that the directionality of the ions can be controlled. Also, 
the high potential of the substrate 14 provides strong acceleration of the ions toward 
the etched surface. Both factors provide/excellent directionality of the. ion8,.xesulting 
in a high anisotropic etch. The etched portion 44 of the silicon substrate 40 is shown 
in Fig. 2(a). 

After a certain period of time, e.g., 10 to 100 sec, the power source 30 
switches to a relatively high power, preferably in the range of 1000 to 3D00W, to 
create high energy excitation of the plasma and the polarization potential developed 
by the substrate generator is reduced to a relatively low, or even zero, value (i.e. 0- 
25eV). High energy excitation of the plasma creates a condition that results in the 
formation of a polymer layer 46. Further, isotropic movment of species causes the 
thickness of the polymer layer 46 on the bottom of the trench to be the same as the 
thickness on the sidewalls. as shown in Fig. 2(b). During this lime, the low 
polarization on the substrate 14 prevents any etching. After a certain time, e.g., 0.5 to 
3 sec, the protective polymer layer 46 of a predetermined thickness is formed on the 
trench walls, as shown in Fig. 2(b). This protective polymer layer 46 prevenU erosion 
of the trench walls that weie formed, in the previous etching steps during the 
subsequent etching step, performed in the manner .diaoussed above. 
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Specifically, during the next etchmg step the previously etched sidewalls 
remain protected by the polymer layer 46, while the polymer layer on the bottom of 
the trench is rapidly stripped by the anisotropic bombardment of the ions that are 
accelerated by the high polarizing potential, allowing the silicon at the base of the 
trench to be further etched, as identified by reference numeral 48 in Fig. 2(c). The 
etching and passivating steps are alternately repeated until the trench reaches the 
required depth. 

There arc several advantages of this process when compared to the 
conventional process discussed above. In particular, the continuous introduction of a 
constam mixture of gases according to the present invention results in a more even 
distribution of species. This provides better uniformity across the substrate. In 
contrast, in the conventional case, where gases are cycled, the time ratio of the 
etch/deposition cycle depends on the speed of the' gases and varies from point to 
point, affecting the uniformity. 

Further, when using the cycled gas method, the time for tlie species to arrive at 
the bottom of the etched trench varies drastioaUy for trenches with different sized 
openings. This increases the variation in the depths achieved for trenches with 
different aspect ratios (Aspect Ratio Dependent Etch). In (he present case where the 
gas mixture is constant, the gas composition will be uniform for trenches with 
different size openings. This also improves the uniformity (mioroloading effect). 

Further, the method of the present invention provides very high selectivity to 
the mask material, due to the combination of low power used during the otch and low 
polarization voltage used during deposition. 
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Since numerous changes can be made without departing from the spirit of the 
iiiventioE,.it is intended that all matter contained in the foregoing description and 
shown in the accompanying drawings shall be interpreted as illustrative and not in a 
limiting sense. .For example, the invention is not limited to (he list of elohant and 
passivation gases discussed above. Additional silicon etching gases include CF4, NF3, 
NF3HF, HBr, CCL4, CFzCh, CFCb, Brj, CI2, h, HCl. CIF3 and BCI3. Also, 
additional passivation gases include CH4, CH2F2. Hz, C2H4, CjHj, CIljBr, CzFe, C2F4, 
and CjFfr 

In addition, the etch or passivation effect may be acliieved by alternating the 
pressure in the chamber. Specifically, the polymer formation during passivation is 
effected by the pressure . The higher.the pressure the stronger the polymer formation 
and hence the greater the degree of passivation. In contrast, the lowca- the pressure the 
weaker the polymer formation' and hence the lower the degree of passivation. 
Similarly, an increase in pressure during etching increases..(he etching rate, while a 
decrease uvpressure decreases' the etching rate. 

4. Brief D e s CT.ip fc i on of Drawings 

Fig. 1 is a schematical view showing the etching device for use in the present 
invention . 

Figs. 2(a) to .2(c) are views showing.the process steps of the present 
invention. 
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1. Aba b ract 

A method of plasma etching of silicon thai utilizes the plasma to provide 
laterally defined recess structures through a mask. The method is based on the 
variation of the plasma parameters to provide a well-controlled anisotropic etch, while 
achieving a very high etch rate, and a high selectivity with respect to a mask.. A 
mixed gas is introduced into the vacuum chamber after the chamber is evacuated, and 
plasma is generated witliin the chamber. The substrate's surface is exposed to the 
plasma. Power sources arc used for formation of the plasma discharge. An integrated 
control system is used to.raodulate the plasma discharge power and substrate 
polarization voltage levels. 

2. Represent at ivo Drawing 

Fig. 1 



